As tourism increases globally, studies have documented impacts on wildlife from anthropogenic disturbances. In this observational experiment we aimed to investigate if snowmobile traffic affected the diurnal activity of Arctic fox in High Arctic Svalbard. We conducted the study in two areas in Svalbard, one control area with low snowmobile traffic and one experimental area with high snowmobile traffic. In each area 10 camera-traps, baited with reindeer carcasses, were positioned and programmed to take photographs every five minutes. The proportion of photographs with foxes was higher during the night than during the day, and the difference between night and day was larger in the area with more snowmobile traffic. By using data obtained according to a similar study design in two Arctic Russian sites, Yamal and Nenetsky, with little human activity and low snowmobile traffic, we were able to compare Arctic fox activity patterns in Svalbard on a larger scale. Our results indicate that snowmobile traffic had an impact on the diurnal activity of the Arctic fox in Svalbard, while there were no obvious diurnal activity patterns among Russian foxes. Even the area with low snowmobile traffic in Svalbard showed increased use of the reindeer carcasses during the night compared to one of the Russian sites, where foxes used carcasses equally during day and night. Such knowledge is of importance in designing cautious management practices.
Travel and the tourism industry are steadily increasing on a global scale (Reid et al. 2005) , bringing human traffic into areas where wildlife was previously undisturbed. A large body of literature examining the effects of anthropogenic disturbances on wildlife includes reports of behavioural and physiological studies of ungulates (Eckstein et al. 1979; MacArthur et al. 1979; Freddy et al. 1986; Creel et al. 2002) , marine mammals (Born et al. 1999) , seabirds (Gabrielsen & Smith 1995) and carnivores (Amstrup 1993; Creel et al. 2002; Andersen & Aars 2008; Gese et al. 2013) , among other animals. Such disturbances may lead to an array of impacts, with different effects on individuals, populations or species interactions, e.g., disturbances may displace predators but not prey (Muhly et al. 2011) .
Easier year-round access to many parts of the Arctic has facilitated increased tourism and recreation in the region (CAFF 2013) . One activity that has increased in the Arctic is snowmobiling. Effects of snowmobile disturbances on wildlife can be speciesspecific, vary across ecosystems (e.g., predator abundances and hunting history are different across the Arctic) or be related to snow properties (e.g., how easily animals can walk without breaking through the snow) (Neumann & Merriam 1972; Creel et al. 2002; Andersen & Aars 2008; Gese et al. 2013; Salek et al. 2014) .
The Norwegian High-Arctic archipelago of Svalbard has experienced a fivefold increase in visitors from the early 1990s (23 000 visitors) to 2014 (120 000 visitors; Governor of Svalbard 2014). Guided snowmobile tours are the most popular wintertime activity for tourists (Governor of Svalbard 2014) . Since Svalbard has high standards for environmental management, the need for research on the effect of motorized vehicles on wildlife has been highlighted in a White Paper to the Norwegian parliament (Ministry of Justice and the Police 2010). Svalbard's simple terrestrial ecosystem comprises few resident species, including one ungulate (Svalbard reindeer [Rangifer tarandus platyrhynchus]), one ptarmigan species (Svalbard rock ptarmigan [Lagopus hyperborea] ) and two mammalian predator species: the Arctic fox (Vulpes lagopus) and the polar bear (Ursus maritimus) . Negative responses to snowmobile traffic have been documented for both Svalbard reindeer and polar bears (Tyler 1991; Andersen & Aars 2008) . However, for reindeer the evidence is equivocal. Based on the level of snowmobile traffic in 1987, no major negative effect at the population level was detected in reindeer (Tyler 1991) . However, in a recent study, individual reindeer showed clear avoidance of snowmobile trails (Tangberg 2016) . A study of polar bears from 2003 to 2005 found that females with small cubs, which reacted at the longest distances from a snowmobile, were especially disturbed, but it was not possible based on individual behaviour to draw conclusions about long-term responses at the population level (Andersen & Aars 2008) . No published study has yet focused on effects of snowmobile traffic on the Arctic fox. However, one study in Svalbard found differences in reaction patterns to snowmobile traffic (Eid et al. unpubl. data) . The differences in reaction patterns differed depending on whether the fox was located in flat or in steep terrain. Foxes in flat terrain had a shorter flight distance to the snowmobile (200 m) compared to foxes in steep terrain (500 m; Eid et al. unpubl. data) .
During the International Polar Year Arctic Predators project (2007) (2008) (2009) (2010) camera-traps were used to study the scavenger guilds at several sites from the Russian Arctic (Yamalo-Nenetsky Autonomous Okrug and Nenetsky Autonomous Okrug) to the Norwegian Arctic (Varanger and Svalbard). A surprising result emerged that led to the present study (Rodnikova et al. 2010; Ehrich et al. 2011; Gauthier & Berteaux 2011) . Although Arctic foxes at the Norwegian sites visited baited camera-traps in March-April for the same amount of time during a 24-hour period as did Arctic foxes at the Russian sites, their visits were at different times of the day: in Varanger and Svalbard, Arctic foxes were recorded at camera-traps mainly during the night whereas at the Russian sites they did not appear more often at night than during the day (Rodnikova et al. 2010) . Neither the light regime nor the composition of the predator guild could explain the differences in fox activity pattern between Svalbard and Yamal/Nenetsky (Rodnikova et al. 2010; Ehrich et al. 2011) . The fact that Arctic foxes in Varanger used the camera-traps mainly during the night was explained by the presence of scavengers, such as golden eagle (Aquila chrysaetos), competing and excluding the Arctic fox from visiting the camera-traps during the light part of the day (Killengreen et al. 2012) . Since Arctic foxes in Svalbard and at the Russian sites lack competitors and predators (Fuglei et al. 2003; Eide et al. 2012; Pokrosvky et al. 2014; Sokolov et al. 2016) , and live under similar light conditions in late winter, we expected no differences in diurnal activity documented by camera-traps in Svalbard and at the Russian sites.
Earlier studies have suggested that human activity can alter carnivore behaviour and spatial distribution (Amstrup 1993; Creel et al. 2002; George & Crooks 2006; Andersen & Aars 2008; Gese et al. 2013) . One plausible reason for the differences in time-use between foxes in Svalbard and Russia that we intended to test in our follow-up study may relate to the different levels of snowmobile traffic between Svalbard (high traffic) and Russia (low traffic). Because all the camera-traps in the Arctic Predators study were located along the main snowmobile trail from Longyearbyen, the largest settlement in Svalbard (Governor of Svalbard 2014), we hypothesized that in our follow-up study Arctic foxes in Svalbard would visit the camera-traps mainly during the night to avoid motorized traffic. In this study we used baited camera-traps to address three specific aims: (1) to investigate if snowmobile traffic changed the diurnal activity of the Arctic fox by comparing one control area with low snowmobile traffic to an experimental area with high snowmobile traffic in Svalbard in 2013; (2) to investigate if there are year-specific differences in Arctic fox activity in Svalbard by comparing the data from the experimental area (high snowmobile traffic) in 2013 with similar data from the same area in 2008 and 2009 (Rodnikova et al. 2010) ; (3) to investigate if there are differences in diurnal activity at a larger scale between different Arctic sites by comparing Arctic fox activity in the control area in Svalbard (low snowmobile traffic) with Arctic fox populations in the Russian Arctic (low snowmobile traffic).
Methods

Study site and design
During 2008 and 2009, we studied the diurnal activity of Arctic fox at three Arctic sites that had been part of the Arctic Predators project (Ehrich et al. 2011) . One site was in Nordenskiöld Land, Spitsbergen, Svalbard (78°N, 16°E; Fig. 1a ). The two other sites were in Russia, in Erkuta on the southern Yamal Peninsula (hereafter Yamal), at approximately 68°N, 69°E, and Nenetsky Rige in the Pechora lowlands (hereafter Nenetsky), at approximately 68°N, 53°E (Fig. 1b) . For descriptions of the two Russian study areas, see, among others, Sokolov et al. (2016) and Pokrosvky et al. (2014) , respectively. The observations spanned a large latitudinal range, from the High-Arctic Nordenskiöld Land to the Low-Arctic Russian sites (CAFF 2013 (Fig. 1a) . The experimental site was located in an area with more frequent human visits and is characterized by high snowmobile traffic (Fig. 1a) . The experimental area includes the large Adventdalen valley, the main route for most snowmobiles leaving Longyearbyen. After leaving Adventdalen there are several snowmobile trails to choose from, but the majority of organized snowmobile tours for tourists go to Tempelfjorden, Barentsburg, Sveagruva and the east coast of Spitsbergen. The camera-trap located closest to Longyearbyen captured part of the snowmobile traffic out of town, showing both a weekly pattern with an increase in traffic each weekend as well as increasing traffic during the study period (Fig. 2) .
To estimate the diurnal activity of Arctic foxes we established 10 automatic camera-trap stations with bait at each site in Svalbard and in Russia. Automatic camera-trap stations with or without bait are a well-known and increasingly used method for studying effects of human activities on wildlife (Erb et al. 2012; Hamel et al. 2013; Barrueto et al. 2014) . At each camera-trap, one automatic digital camera was operational from approximately the beginning of March to the beginning of May. During 2008 and 2009, each automatic camera-trap was equipped with a white flash that was activated at night, while in 2013 each camera-trap was equipped with an infrared flash. In the experimental area, all camera-traps were identical from year to year, except for one camera-trap that was moved further away from a cabin in 2013. Distance between adjacent cameratraps varied from 3 to 6 km. Locally, the exact positions of the camera-traps were chosen based on topography, mainly to avoid snow accumulation on cameras and baits. We programmed the automatic camera-traps to take time-lapse photographs of the immediate area around a carcass at 10-minute intervals in 2008 and 2009 and at 5-minute intervals in 2013. In Svalbard, the bait used to attract Arctic foxes consisted of 10-20 kg pieces of Svalbard reindeer that had died of natural causes, and in Russia the baits were remains of slaughtered semi-domesticated reindeer. We changed digital flash cards approximately every two weeks and renewed the carcasses that had been completely or partly consumed at biweekly inspections.
Data and statistical analyses
To estimate how the diurnal activity pattern of Arctic fox responded to snowmobile traffic we divided each 24-hour period into two 12-hour intervals, defining day as 07:00-19:00 and night as 19:00-07:00, reflecting the general pattern of snowmobile activity. For all statistical analyses, the response variable was the proportion of photographs with Arctic fox taken at each camera-trap per 12-hour period. We removed from the data set photographs that were obscured because of weather conditions or time periods during which the carcass was missing. We used GLMM with a logit link and a binomial error distribution to analyse the proportion of photographs with Arctic foxes. Analyses were carried out using the function lmer of the package lme4 (Bates et al. 2015) in R version 3.2.2 software (R Development Core Team 2015) . We compared models with increasing complexity using likelihood ratio tests, and checked the selected models graphically for trends in the raw residuals, presence of outliers and approximate normality of the random effects.
First, we evaluated the effect of high and low snowmobile traffic at a local scale on Arctic fox diurnal activity pattern. We included as factorial fixed effect explanatory variables the time period (Period: day or night), and the two areas on Nordenskiöld Land (Treatment: experimental [high snowmobile activity] or control [low snowmobile activity]). In addition, since the use of carcasses may change over the course of the winter season, we included 'day-of-the-year' as a continuous variable to account for seasonal changes (Date). Both the location of the camera-traps and the specific local daily circumstances such as weather conditions may influence the proportion of photographs with Arctic foxes. We therefore included two nested random factors for the intercept: the identity of each camera-trap and the identity of each day at each camera-trap as factors nested within camera-traps (camera-day-ID). A set of five candidate models was assembled including an increasing number of additive fixed effects (Date, Period, Treatment) and the interactions Treatment × Period and Treatment × Date. In addition to the graphical tests described above, we tested for temporal autocorrelation by plotting temporal autocorrelation plots of the residuals for each camera-trap separately. This test was only done for the analysis of the data from 2013, which was the year with most data.
Second, we evaluated whether the effect of snowmobile traffic at the local scale persisted over several years. We investigated the activity pattern of Arctic foxes in the experimental area (high snowmobile activity) by fitting GLMMs to a data set consisting of three years with camera-trap data. The fixed effect explanatory variables were year (2008 , 2009 Year) , the two time periods (Period: day or night) and Date as a continuous variable. All models included camera-traps and camera-day-ID as random intercepts, as described above. We used likelihood ratio tests to compare seven candidate models including an increasing number of additive fixed effects and the interactions Year × Period, and Year × Date (Supplementary Table S1 ).
Finally, we evaluated the effect of snowmobile traffic on Arctic fox populations at a large scale. We assessed whether Arctic fox diurnal activity patterns differed among three sites in the Arctic (Svalbard, Nenetsky and Yamal), all with low snowmobile traffic. The proportion of photographs with Arctic foxes from the control area in Nordenskiöld Land was compared with data from the two Russian sites, Nenetsky and Yamal. In Nenetsky the camera-traps were located in an area that is very rarely visited by humans on snowmobiles during the winter. In Yamal human presence is also limited and consists of only a small settlement with four to eight resident people in the study area, as well as a railroad and a winter road with low intensity of snowmobiles crossing the area. In Svalbard, observations were available only from one year (2013), but at the two Russian sites, observations were available for two years (2008, 2009 ). Since we had technical problems with the baits and the cameras in Nenetsky in 2009, we chose to use the year 2008 for the Russian sites. We fitted GLMMs by including the following fixed effect explanatory variables: Site (Svalbard [control area], Yamal and Nenetsky), Period (day or night) and Date (continuous). As above, camera-trap and camera-day-ID were included as nested random intercepts. Seven candidate models of increasing complexity including an increasing number of additive fixed effects and the interactions Site × Period, and Site × Date were compared using likelihood ratio tests (Supplementary Table S2 ).
Results
Effect of high and low snowmobile traffic at the local scale
We obtained 320 000 photographs in 2013, of which 170 958 (control area) and 133 452 (experimental area) were included in the analysis of Arctic fox diurnal activity pattern at the local scale. Of these, 13 003 (7.6%) and 10 423 (7.8%) yielded observations of Arctic foxes from the control and experimental area, respectively (for a summary see Supplementary Table S3 ). After dividing the 24-hour cycle into two periods, we calculated the proportion of photographs with Arctic fox for each period (i.e., two periods per day). Overall, Arctic foxes were recorded in 1071 periods of a total of 2214 periods. At the most, Arctic foxes were present on 140 of 144 photographs taken during a 12-hour period. Both areas had a higher number of photographs with Arctic foxes during the night, but the difference between night and day was larger in the experimental area (9.3% versus 6.1%) compared to the control area (8.2% versus 6.7%; Fig. 3a) . The GLMM analysis confirmed this result. The likelihood ratio test showed a clear support for the interaction Period × Treatment in addition to Period, Treatment and Date as fixed effects, but not for the interaction Treatment × Date (Table 1 ). The selected model showed that during the day, the proportion of photographs with Arctic foxes was lower in both areas (Table 1) . Moreover, the difference between night and day was larger in the experimental area, as there was a significant interaction Period × Treatment (−0.314, CI = −0.376; −0.253 on the logit scale). The odds ratio for the difference between day and night was 0.75 (95% CI, CI = 0.720-0.780) in the control area and 0.55 (CI = 0.522-0.573) in the experimental area. The assessment of diagnostic plots revealed that the distribution of the random effects camera-day-ID was somewhat bimodal. In addition, for six out of 20 cameras there was an indication for temporal autocorrelation of the residuals up to a lag of three days. Therefore, to have a robust assessment of CIs, we performed bootstrapping over blocks of five days for each cameratrap station and obtained a CI of −0.533 to −0.094 for the interaction Treatment × Period day (logit scale; a CI excluding 0 means that the interaction is significant). This shows that Arctic foxes concentrate their use of the baited camera-traps during the night (19:00-07:00) in areas with high snowmobile traffic, more so than in areas with less snowmobile traffic. Moreover, the number of photographs with Arctic foxes decreased significantly in both areas throughout the spring (Fig. 3b) .
Temporal effects of snowmobile traffic on local scale
We obtained fewer photographs of good quality for analyses of data from the experimental area in 2008 (Fig. 4a) . Despite this, the relative proportion of pictures with Arctic fox during the night and the day was more or less similar over all the three years in Predicted proportion of photographs of Arctic foxes at camera-traps during the season in the experimental area (dark blue) and control area (light blue), for day and night in relation to camera-day-ID as predicted by the selected GLMM. Predictions were based on the fixed effect variable only. the experimental area (Fig. 4a) . The selected GLMM included Period, Date and Year, and the interaction Date × Year. There was no support for the interaction Year × Period (Supplementary Table S1 )
. We observed a consistent pattern with lower Arctic fox activity during day compared to night in all years (odds ratio = 0.550, CI = 0.525-0.575; Supplementary Table S1 ). The only difference between the study years was seen in the interaction Year × Date, where 2009 had an increase in the number of photographs with Arctic foxes during the spring, while 2008 and 2013 experienced a decrease (Fig. 4b) Table S3 ). Arctic foxes were the most frequent species observed at the camera-traps in both areas (Rodnikova et al. 2010) . For the comparison of the Table 1 . Model comparison and parameter estimates for selected model. (a) Candidate GLMMs applied to model the proportion of photographs with Arctic foxes during day (07:00-19:00) and night (19:00-07:00). Three fixed effect explanatory variables were used: Period (day or night), Date (a continuous day number starting with 1 January) and area (Treatment: control area with low snow mobile traffic and experimental area with high snow mobile traffic). Additive effects are indicated with + and interactions with ×. Models of increasing complexity were compared with likelihood ratio tests. Camera-trap station and the identity of each day at each camera-trap (camera-day-ID) were included in all models as random effects. The selected model is highlighted in boldface. (b diurnal pattern with Svalbard (data from control area in 2013), we used only the data from 2008 from the Russian areas, when most pictures were taken and the presence of Arctic foxes was highest.
There was a slight increase in the mean proportion of photographs with Arctic foxes during the night both in Nenetsky and in Yamal, but CIs for day and night overlapped largely (Fig. 5a) . The best GLMM model included an effect of Site (Nenetsky, Yamal and Svalbard), Date and Period, as well as the interactions Period × Site, and Date × Site (Supplementary Table S2 ). Arctic foxes used the bait approximately as much during the day as during the night in Yamal, resulting in a significant interaction Period × Site (Supplementary  Table S2 ). For Nenetsky, the interaction was not significant, probably because of the small sample size from this site. The interaction Site × Date revealed that in Yamal and Nenetsky the proportion of photographs with Arctic foxes increased during the spring, while in Svalbard there was a decrease (Fig. 5b) . We also repeated this analysis using every other picture from Svalbard to account for the differences in time lapse, and obtained similar results as those presented above.
Discussion
Our results showed that Arctic foxes in Svalbard had different diurnal activity patterns at the camera-traps in the control and experimental areas, indicating a small-scale impact of snowmobile traffic. To test the consistency of this result, we compared our data from the experimental area to a similar study in the same area from 2008 and 2009 to account for potential inter-annual variation in environmental conditions (e.g., abundance of Arctic foxes, natural carcass availability, weather conditions). The temporal comparison showed that Arctic foxes had consistently similar diurnal activity patterns, also independent of differences in numbers of photographs each year. Thus, the time spent on a carcass during day and night was not affected by the size of the Arctic fox population, nor competition for carcasses. To test for differences in diurnal activity between Arctic fox populations on a larger scale, we compared our data from the control area in Svalbard (low snowmobile traffic) with two Russian sites, Nenetsky and Yamal, both with low snowmobile traffic. The Svalbard Arctic foxes had a different diurnal activity pattern, being more active during the night, compared to Arctic foxes in Yamal, that were equally active day and night. Although the activity pattern in Nenetsky appeared similar to that in Yamal, the difference between Nenetsky and Svalbard was not significant because of the low amount of data from Nenetsky. The diverse factors that may influence the activity patterns of carnivores include the presence of competitors, accessibility of prey or food items, species plasticity and human disturbances (George & Crooks 2006; Berger 2007 ). However, the few studies of Arctic fox diurnal activity patterns that have been undertaken have yielded divergent results. Eberhardt et al. (1982) report Arctic foxes in Alaska to be more nocturnal than diurnal in summer and Frafjord (1992) reports the same tendency for foxes in Svalbard for the winter, but with large individual variations. A more recent study in Svalbard showed no circadian rhythms in body temperature and heart rate in wild Arctic foxes held in captivity both summer and winter (Fuglei 2000) , indicating no specific diurnal activity pattern. Our results showing that Arctic foxes concentrate their use of reindeer carcasses to the night (19:00-07:00) in areas with high snowmobile traffic, more so than in areas with less snowmobile traffic, are therefore inconsistent with previous studies.
Similar shifts in diurnal activity patterns due to human disturbances are also found in other mammals. For instance, George & Crooks (2006) demonstrated that the bobcat (Lynx rufus) shifted daily activity patterns to become more nocturnal in highuse recreational areas, while Creel et al. (2002) found higher stress hormone levels in elk (Cervus elaphus) and wolves (Canis lupus) in areas and during times of the day with heavy snowmobile traffic. Despite these responses, Creel et al. (2002) found no evidence that the snowmobile traffic was negatively affecting the population dynamics of the species in the study area.
Wildlife reactions to snowmobiles are mainly related to the sound from the engine of the vehicle (Reimers et al. 2003) . In Svalbard, a guided tourist group consists of a column of up to 25 snowmobiles and the sound may be a substantial disturbance. Currently, a good estimate of the total snowmobile traffic load in Svalbard is not available because only the organized tourist trips are registered in the official statistics (Governor of Svalbard 2014). However, the number of hire-days of snowmobiles is available and can be used as a proxy for snowmobile traffic. In 2008 and 2009 approximately 9000 hire-days were registered per winter season while in 2013 it had increased to 11 000 (Governor of Svalbard 2014). In comparison, in the study of elk and wolf mentioned above (Creel et al. 2002) , the number of snowmobiles varied between 15 000 and 25 000 per winter season-twice as much as in Svalbard.
The consistent temporal Arctic fox activity pattern across study years in the experimental area supports our hypothesis. However, the large differences in the proportion of photographs with Arctic foxes between years need to be discussed. Both the Arctic fox and reindeer populations in the experimental area are monitored annually . In 2008, the natural mortality of reindeer was high, which resulted in large numbers of carcasses (206 were observed) available on the tundra. This year contrasts with the other two years, when there were considerably fewer carcasses available (17 in 2009 and 26 in 2013) . Arctic fox densities also played a role: the Arctic fox population density was comparatively low in 2008 but comparatively high in 2013 (Fuglei & Pedersen unpubl. data) . In combination, differences in the density of Arctic foxes and the availability of reindeer carcasses likely explain the low number of foxes at the cameratraps in 2008 and the high number in 2013. Despite the low abundance of Arctic foxes and the low numbers of foxes at the camera-traps in 2008, the baited camera-traps were still more frequently visited at night.
The differences in diurnal activity between Arctic fox populations experiencing low snowmobile traffic at a large scale were surprising, since in both Svalbard and northern Russia daylight increases rapidly in spring, and in both areas the predator guilds are dominated by Arctic foxes during winter (Rodnikova et al. 2010 ). However, there may be alternative explanations for the differences between the study sites. Winter temperatures at the Russian sites are much lower than in Svalbard (data from www. worldclim.org). The Russian foxes may experience more energy demands and therefore need to search for food on a 24-hourly basis. Additionally, food resource availability differs between the sites. Arctic foxes in Svalbard live in an ecosystem lacking small rodents and competitors (Fuglei et al. 2003; Eide et al. 2012) , which is not the case in Russia (Pokrosvky et al. 2014; Sokolov et al. 2016) . The scarcity and unpredictability of food resources in Svalbard makes the foxes behave as generalist scavengers, feeding opportunistically (Fuglei et al. 2003; Eide et al. 2012) . One study in Svalbard showed that Arctic foxes had huge variation in fat content during winter (from 5% to 40% of skinned body mass; Prestrud & Nilssen 1992) , indicating a need for an opportunistic search for food.
The more plausible explanation for the differences found in this study relate to anthropogenic disturbances, in that the Arctic fox population in both areas (control and experimental) in Svalbard are affected by snowmobile traffic, but foxes from the area of lower snowmobile use are affected to a lesser degree. The experimental area covers the main snowmobile trail out of Longyearbyen (the main settlement in Svalbard), while the control area was located 65 km to the south-west. Arctic foxes are able to move over vast areas during winter: a satellite study in the Canadian Arctic showed that they can move up to 4000 km from February to July (Tarroux et al. 2010) . A satellite study in Svalbard showed that Arctic foxes moved on average 6.6 km per day with individual variation from 0.5 km to 72.6 km (Fuglei et al. 2016) . It is therefore likely that the foxes in our study were able to move across Nordenskiöld Land in a relatively short time. Hence, Arctic foxes in the entire Nordenskiöld Land region have likely encountered snowmobile traffic and may have changed their activity patterns accordingly.
Whether snowmobile traffic has affected the diurnal behaviour patterns of Arctic foxes in Svalbard to the extent that it has a negative impact on the Arctic fox population dynamics through changed survival or reproduction remains to be studied. Data from an annual monitoring programme that includes inspections of active breeding dens show no indication of a decline in the Arctic fox population in Svalbard . Therefore, we cannot confirm any regional negative effects of snowmobile traffic on the Arctic fox population.
Conclusion
Our results suggest that snowmobile traffic has changed the diurnal activity of the Arctic fox in Nordenskiöld Land, Svalbard. However, the study did not prove negative impacts at the population level since the abundance of foxes did not decline. We lack knowledge about the cumulative effects of snowmobile traffic, harvesting (Fuglei et al. 2016) , pollutants (e.g., Aas et al. 2014; Andersen et al. 2015) and climate change (Hansen et al. 2013 ) on the Arctic fox population in Svalbard. The changes in climate are happening faster in the Arctic than any other place on Earth (Nordli et al. 2014) , and future impacts on species and ecosystems are difficult to predict.
